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To study the poss ible in volvement of protein kinase C in 
psoriasis, we determined the activity of this enzyme in 
involved and uninvolved epiderm.is from psoriasis patients 
as wel l as in norm al epidermis from controls. Protein kinase 
C activity was measured in the 100,000 g supernatants and 
in the detergent-solubilized particulate fractio ns of tissue 
homogena tes after partial purifi ca tion by DEAE-cellulose 
chromatography. The total enzyme activities per gram pro-
tein for normal, involved , and uninvolved epidermis were 
127 ± 11.9 mU/g, 64.7 ± 8.6 mU/g, and 88.5 ± 14.4 
l11.U/g, respectively . T he respective values for total enzyme 
P rote in kinase C is a calcium phospho lipid-dependent protein kinase [1] that is present ill a wide variety of eukaryotic cells and tiss ues [2]. T he ph ys iologic acti-vator of this protein kinase has been shown to be 1,2-d iacylglycerol [3). Under the inAuence of diacylglycerol 
th is enzy me is converted from its soluble inactive fo rm into its 
membrane-bou nd active form [4J. Protein kin ase C is thus func-
tiona ll y linked to h.ormonal signals that increase the level of dia-
cy lg lycerols in th e pl as ma membrane of target cells by stimulating 
th e phosp holi pase C-ca talyzed breakdown of phos phoinositides 
[5] as was first demonstrated for acetylcholine by Hokin and 
H ok in [6]. I-knce, protein kinase C is thought to be in vo lved in 
a wide variety of hormone-regulated cellular fu nctions such as 
differenti ation [7], proliferation [8], and secretion [9]. 
T he fac t that tumor promoters such as the phorbol ester 12-
O-tetradecanoy lphorbol-1 3-acetate (TPA) are able to activate 
protein kinase C in the same manner as di acylg lycerols [10] has 
attracted further attention to this enzyme. Protein kin ase C has 
been identified as th e majo r cellular phorbol ester receptor [11] . 
To date, no other ta rget protein for these tumor promoters has 
been detected. It seems likely, therefore , that many if not all effects 
of TPA and other tumor promoters are mediated by the direct 
activation of this enzyme. 
TPA-treated mouse skin [1 2] and psoriatic lesional epidermis 
have in common inAammation, increased keratinizat ion, and epi-
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TPA: l 2-0-tetradcc:lI1oylphorbol- 13-acetate 
activity per mg D NA were 7.04 ± 0.48 mU/m g, 4.28 :±: 
0.54 mU / m g, and 5.02 ± 0.66 mU/mg. By both da ta 
bases , protein kinase C activity was statistica lly lower in 
the psoriatic skin biopsies than in those from control per-
sons, whereas no signifi cant differen ce was found between 
involved and uninvolved epidermis from psoriasis patients. 
We hypothesize that alterations in protein kinase C-m.e-
diated processes due to decreased protein kinase C activity 
m ay playa significant role in the pathophysiology of pso-
ri as is. J Invest Dennatol 88:220- 222, 1987 
dermal hyperplasia. Thus, protein kinase C may be a molecular 
mediator of the inA amm atory hyperplastic conditi on character-
isti ca ll y observed in pso rias is. 
To exam ine this issue, we determin ed the acti vity of protein 
kinase C in involved and unin vo lved ep iderm is from psoriasis 
patients and in normal epidermis from control subj ects. 
MATERIALS AND METHODS 
Epidermal samples were obtained by keratome bio psy (2 X 5 
cm) , after 1 % lidocaine anes th esia, from normal (n = 15) and 
pso ri atic volunteers (n = 15). The keratome biopsies were snap-
frozen in li quid nitrogen w ithin '10 s of procurement and were 
maintained frozen until homogeni zed. T he keratome depth nec-
essa ry fo r relat ively pure epidermis was 0.2-0.4 mm for in volved 
and 0. 1 mm for uninvolved and normal specimens. T his stud y 
was approved by the Uni versity of Michigan Institutional Rev iew 
Board and all subj ects provided in fo rm ed consent. 
Epiderma l samples were homogenized in a Potter glass ho-
mogenizer with a glass pes tle at O°C with 6 volumes of homog-
enization buffer [20 111M Tris-HCL, pH 7.5,2 111M EDTA, 2 mM . 
EGTA (ethylene glycol-bis- (f3-am inoethyl ether)-N ,N , N ', N ',-
tetraacetic acid), 0 .33 M sucrose, 50 mM 13-l11erca ptoethanol , and 
2 mM phen ylmethylsulfonyl AuorideJ. The homogenate was cen-
trifuged for 1 h at 100,000 g. T he supern atant was used as the 
source for cytosoli c protein kinase C. T he pellet was rehomo-
genized with solubilization buffer (20 mM Tris-H CL, pH 7.5, 2 
mM EDTA, 0.5 m M EGTA, 50 mM l3-merca ptoeth anol, 1 m M 
phenylsulfonyl Auoride, and 0.3% Triton X-IOO) . After 1 h in-
cubation on ice, the solution was centrifuged as above. The su-
pern atant (solubilized particulate fracti on) was used as the source 
for the membrane-bound activity of protein kinase C. 
Two milliliters of the 100,000 g supernatants was loaded on 
sma il DEAE-cellulose columns (DE52, Whatman; 0.7 X 2 cm) 
equilibrated with 20 mM T ris-HC L, pH 7.5 , 2 111M EDTA , 0.5 
mM EGTA, and 50 mM l3-merca ptoeth anol. T he colum.ns were 
washed with 20 1111 of this buffer. Protein kinase C activity was 
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then eluted by raisin g the io nic stren g th of the buffer by adding 
150 mM N aCI. Protein kinase C acti vi ty was determined in the 
eluates by the metho d of Ashcndel, Staller, and Boutwell 11 3] 
with so m e mino r m od ifi cations. D upli ca te ali q uots of 10-20 J.LI 
were incubated for 5 min at 30°C w ith 20 m M Tris-HC L, pH 
7.5, 50 mM {3-merca ptoethano l, 4 m M ma gnesium acetate, 25 
J.Lg/ml phosphatid yl serine,S X 1O - 4M CaCI2, 1O- 7M TPA, 200 
mg/ml histone (histone Ills, Sig ma), and 25 J.LM [y'l2 P]ATP (0.05-0.1 
Ci/ mmol , N ew Eng land Nuclea r) in an assay vo lume o f 150 J.LI. 
After the incubation , two 50-J.L1 aliquo ts were tra nsferred to 2 X 
2 cm pieces of phosphocellulose paper (P81, Whatman). T hcse 
pieces were was hcd 4 timcs w ith deio nized water, o nce w ith 
acetone, once w ith diethylether, and dried. T he incorporation of 
rad ioactive phosphate into the adsorbed histone was determined 
by liquid scintillation countin g. Pro tein kin ase C act ivity was 
calculated by subtra ctin g the phos pho rylati on acti vity in contro l 
assays w ithout CaCI2 and TPA fro m th e act ivity in co mplete 
assay m edium . O ne unit of enzy me activity was defined as the 
acti vity inco rpo ratin g 1 J.Lm o l phosphate into histone per min 
under th ese conditi o ns. Determin ations of pro tein and DN A con-
tent of the ho m ogenates were perform ed acco rdin g to Lowry et 
al [1 4] and B urto n [1 5], respectively. C hemica ls were of analyt ica l 
grad e and were purchased from Sig m a or Serva. 
Data fro m unin vo lved vs involved pso riatic ep idermi s and from 
normal vs unin volved o r involved epidermis were anal yzed by 
Student 's I-tests for paired and unpaired data , rcspecti vely. A two-
tailed h ypothesis was used in the s tatistica l analys is. 
RESULTS 
Protein kinase C ac tivity in m o use cpidermis has been repo rted 
to be quite low [1 3]. The co mparable low levels of enzy me activity 
in hum an ep idermal sa mples prese.nted the pro blem of attaining 
reprod ucible res ults ill the enzy m e assay lIsin g a crud e tissue 
preparatio n . T his prob lem was circum vented by parti all y puri-
fy in g the enzy m e from a crud e preparatio n by DEAE-cellulose 
chro m atog raphy. After this step, sig nificant ac ti vities o f protein 
kinase C could be detected w ith hi sto ne as exogeno us substrate 
in the presence o f phos phatidylserine, TPA, and Ca + + io ns. In 
this way , w e determined protei n kinasc C activity in in volved 
and unin volved epiderm al sa mples from 15 pso ri as is patients, as 
well as in sa mples from. 15 control perso ns. 
Total protein kinase C activity (i. e. , cy tosolic plus particul ate 
act ivity) per DN A (Fig 1) or protein content (Fig 2) in epidermis 
of pso rias is paticnts was statisti ca ll y significantly lower than in 
the epidermis of contro ls. Specifica ll y, total prote in kinasc C 
activity (i. e., cytosolic plus particulate act ivities) per m g D NA 
was decreased as fo llows: 39% involved vs no rm al epidermis 
(1' = 0 .0006), 29% in unin vo lvcd vs no rm al epidermis 0; = 0.02), 
and 15% in in volved vs unin vo lved epidermis 0; = 0.36) (Fig 
1). As shown in Fig 2, total pro tein kinase C activity per g ram 
protein was decreased as foll ows : 49% in in vo lved vs normal 
0) = 0.0002); 30% in unin vo lved vs no rm al 0; = 0.049); and 
27% in involved vs unin volved epidermis (p = 0. 14). 
The distribution of protein kinase C activity between th e so l-
uble and particula te fractions did not differ sig nifi cantl y am ong 
any of th e 3 groups. T he enzy m e act ivity was 60 ± 8% in the 
soluble fract ions. 
In separate ex perim ents, it was found that identi cal res ults fo r 
protein kinase C acti vity in normal epidermis were obtained w hen 
1 ,2-dioleoylg lycero l was substitu ted for TPA in th e protein kinase 
C assay (da ta no t shown). 
DISC USSION 
T he reason for th e apparent decrease of protein kinase C in pso-
riati c epidermis and its physio logic consequences rem ain to be 
determined . K eratinocytes in pso riatic involved epidermis are hy-
perproliferative and hyperplastic and therefo re contain increased 
amounts o f DNA and protein [1 6]. In addition , psoriati c in volved 
epidermis contains a signifi ca nt leukocyte infilt rate [1 6]. These 
characteristi cs m ay tend to ampli fy any decreased enzy m e activity 
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Figure 1. Protei n kinase C activity per mg DNA in nonl1 al. psoria ti c 
uninvolved, al1 d psoriatic involved epidermis. *, Significantly decreased 
vs norm al (p = 0.02). **, Significantl y decreased vs normal (p = 0.0006). 
expressed on a per D NA o r protein basis. T hu s o ne must be 
ca utious in in terpre tin g an apparent decreased enzy m e specifi c 
acti vity in pso ri atic involved epidermi s co mpared to norm al ep-
idermi s. In contrast, pso ri ati c unin volved epidermi s closely re-
sembles no rm al epidermis w ith respect to cellular D NA and pro-
tein content and lack of leukocy te infiltratio n . The find ing that 
pro tein kinase C ac tivity was signifi cantl y red uced in psoriatic 
uninvolved epidermis therefo re suggests that real d ifferen ces m ay 
exist between the activity of thi s enzy m e in psoriatic vs no rm al 
epidermis. 
Protein kinase C is activated by its associatio n w ith membrane 
phospho li pid in thc presence of calcium and diglyceride or TPA 
[3, 10] . Membrane associat ion also confers en hanced susceptibi li ty 
o f protein kinase C to proteolytic deg rad ation by a neutral ca l-
cium-activated p rotea se 1'1 7]. Recent in vestigations have shown 
that activation of protein kinase C by exposure of cells to TPA 
[1 8-21] or generation of dig lyceri des by exogenous phospholipase 
C [22] results in the down-regu lation (i.e., red uced activity) of 
pro tei n kin ase C act ivity . T his loss of protein ki nase C acti vity 
is often associated w ith th e concomitant appea rance of a cata lyt-
ica ll y ac tive pro teo lyt ic fragment of protein kinase C, termed 
pro tein kinase M [1 8,22]. Protein kin ase M is further degraded 
to ca tal yticall y inactive fragm ents [22,23]. Avail abl e ev idence sug-
ges ts that lo ng-term expos ure of cells to TPA res ul ts in decreased 
protein kinase C w ithout accumulation of pro tein kinase M [23- 25]. 
Althou gh a similar m echanism for down-regul ation of protein 
kinase C m ay operate in adult hum an epidermis, it has yet to be 
demonstrated. It is, however, an intri guin g possib ili ty that such 
a m echanism may acco unt fo r the o bserved apparent decrease in 
protein kinase C activ ity in psoriat ic epidermis. Alternatively, 
decreased protein kinase C activity in psoriatic epidermis may be 
a result of red uced enzy m e synthesis. 
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Figure 2. Protein kinase activ ity per gram protein in normal, psoriatic 
uninvolved, and psoriatic involved epidermis. *, Sign ificantl y decreased 
vs norm~ 1 (p = 0.049) . **, Significa ntl y decreased vs normal (p = 0.0002). 
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12-0-Tetradecanoy lphorbo l-1 3-acetate is known to ca use in-
fl ammatio n, hyperpro liferation , and enh anced kera tini za tion in 
mo use skin [261. and accelerated m aturat ion and hype rpro lifer-
ation in cultured m ouse keratinocy tes 1. 271- These observations 
suggest that protein kina se C plays a pivo ta l role in the regul::ttion 
o f epidermal g rowth and differentiation. Pso riati c les ions are char-
acterized by inflammatio n 128), hyperproliferation [29], and de-
fective maturation (30). It seems poss ible, therefore, that a mi s-
regul ated sig na l tran sdu cti on mechanism in volv in g protein kinase 
C may be a s ignifi cant parti cipant in th e development and main-
tenance of pso rias is. 
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